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The Solvent  Refined Coal (5f.C) process i s  c u r r e n t l y  recognized a s  one o f  
t l is  more promising processes f o r  producing an env i ronmenta l ly  acceptable b o i l e r  
f u e l  from coal .  I n  t i l e  SKC process, cca l  i s  l i q u e f i e d  t o  a l l o w  renoval of 
e n t r a i n e d  miners1 n a t t e r  by phys icd l  separat ion vethods and reacted w i t h  - 

L i q u e f a c t i o n  of 
coal  has been t o  occur a1nr:t ins tantaneously  upon reaching r e a c t i o n  

ct:emical ly p a r t  o f  i t s  o r g a n i c  s u l f u r .  

i n  t h e  presence o f  a hydrogen-donor so lvent ,  the o v e r a l l  
i n  l i q u e f a c t i c n  being rehydrogenat ion o f  process s o l v e n t  - 

which nag be perforwcd separate ly  i n  the r e c y c l e  stream - t o  r e p l e n i s h  hydrogen- 
donor species (1,2). Based on data c o i l e c t e d  i n  t h i s  l a b o r a t o r y  hydrodesul- 
f u r i z a t i o n  (HDS) o f  coa l ,  cn t h e  c t h e r  hand, appears t o  be a much slower 
r e a c t i o n .  A s  a r e s u l t ,  the k i n e t i c s  of HDS w i l l  be a primary, if not  the  
c o n t r o l l  i n g  f a c t o r  i n  t h e  design and o p e r a t i o n  of  t h e  d i s s o l v e r / r e a c t o r  i n  t h e  
SRC process. 

I n  t h e  present work, an experimental e v a l u a t i o n  i s  made o f  the f e a s i b i l i t y  
f o r  accelerat in :  HDS o f  coal  by simply v a r y i n g  r e a c t i o n  c o n d i t i o n s  and u t i l i z i n g  
coal  minera l  mat ter  and/or o t h e r  cheap regenerable 
r e p o r t e d  were a l l  o b t a i n r d  i n  a bstch system; and. excent f o r  one ser ies o f  
expel-iments, o n l y  one c v a l  type, a bituni inous Kentucky NO. 9/14. wis Uscd.  
Experioierital meiiiods and n a t e r i  s are g iven i n  ( 2 ) .  except a s  ngte3 here in.  
A r e a c t i o n  mode: vias d e v e l o x d  s t  g i v f s  an e x c e l l e n t  f i t  t o  t h e  erperimental 
data. The model, as  w e l l  as o t  r r e s u l t s  of :he cosiparative s tbd ies performed. 
i s  intended t o  a s s i s t  i n  predic  ng snd i n t e r p r e t i n g  r e s u l t s  f ro3  p i l o :  s t u d i e s  
o f  t h e  SRC process, such as those a t  W i l s o n v i l l e .  Alabama, and Tacoma, Vashing- 
ton.  The,rr.odel prov ides a lso a usefu l  des ign t o o l ;  but, far  a r e a c t i o n  s y s t w  
as  ccsiplcx as tL.? one dei r l t  w i t h  here, i t  would be presumptuous t o  suggest 
t h a t  i t  represer,ts t h e  t r u e  mechaiiisci. 

In a p r e v i o x l y  repor ted c a i a l y s t  screening study ( S ) ,  severa l  m i n e r a l s  
indigenous t o  ccal m r e  sliodii t o  k v e  a C a t a l y t i c  e f f e c t  on t h e  t!DS of  crcosote 
o i l .  
I n e t a \ l i C  i r o n  tne ttUS r a t e  o f  t h e  o i l  was s i g n i f i c a n t l y  h ig l ier  than t h a t  r e s u l t i n g  
when no minera l  :.as pres%;; whewas, i n  t h e  presence of p y r i t e  the HDS r a t e  
was ahout the s a c  as i t  ~ $ 3 5  when no minera l  was present. These observat ions 
were s u r p r i s i n g  i n  t h a t  both r e d x e d  i r o n  and p y r i t e  are converted i n t o  t h e  
su l . i ide form ( p y r r b t i t e )  i i i t h i n  :he f i r s t  f i f t e e n  t o  twenty minutes o f  r e a c t i o n .  
Based on tlicse o h e r v a t i o n s ,  t o  f u r t h e r  examine the p r a c t i c a l i t y  of coal  m i n e r a l  
c a t a l y s i s ,  a s e r i e s  o f  experiments was performed t o  a s c e r t a i n  uhether the acce- 
l e r a t i o n  of t h e  HDS r a t e  i n  t h e  Presence o f  i r o n  was predominantly thernodynaniic 
o r  C a t a l y t i c  i n  nature.  I t  i s  pass ib le  t h a t  i r o n ,  by removing 1425. promotes HDS 
by Le C h a t e l i e r ' s  p r i n c i p l e ,  o r  simply prevents  the  I($ from reducing the 
a c t i v i t y  o f  c a t i l y t i c  s u l f i d e s  by p r e f e r e n t i a l  adsorption. 

c a t a l y s t s .  The r a t e  data 

Of p a r t i c - i a r  i n t e r e s t  vias  t h e  observat ion :hat i t 1  t h e  presence of reduced 

s l u r r y  i o  the r e a c t o r / d i s s o l v e r  i n  t k e  S?L PI'OCCSS 
s ~ ~ ; l ~ r - c o n : a i n i r , g  con;??unds; :hi01 s .  d i s u l f i d e s .  

s u l f i d e s ,  t h i o l e t l i e r s .  y- th iopyrone,  thiopl ienes, dijinzoltiioi.l;cne;, and o t h e r  
h e t e r o c y c l i c  s u i f u r  compounds. 11; general,  t h i o l s ,  d i s u l f i d e s ,  su l f ides,  
t l i i u l c t h e r s ,  an5 y - t h i o p y i - a x  a ery  r e a c t i v e  - undergoing t,ydrcgenolysis 
a t  a n  apprec iah ic  raze, forpiinc: a!i$ ti:jdrogclia:ed co:rpounds, w i  Lhout t!i? 
a i d  o f  a catrllyj:: ~ i i c r e a r ,  l i e t  y c l i c  s u l f u r  crr:pounds are 6:uch l e s s  r'cac- 
t i v e  - r c q i r i r i i i 3  a c a t a l y s t  t o  *vi. an a c c e p k h l e  tic8 r a t e .  As a r e s u l t  
o r  the l a r g e  di:ferencr i n  reac t y  g f  .these tv;a yroups of s u l f u r - c o n t a i n i n g  
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compounds and to  simplify ana lys i s ,  the HDS reactions involving individual 
compounds i n  each of these two groups sometimes a r e  lumped together;  and HDS 
of a coa l /o i l  s lu r ry  i s  often treated as  i f  there were only two reac t ive  
compounds (3 ,4) .  

I n  addition to  HDS reactions,  under reaction conditions used in the  SRC 
process, hydrocracking ( i  . e . ,  breaking of C-C bonds) and hydrogenation reac t ions  
a l so  occur. I t  i s  by means of these reactions - par t i cu la r ly  cracking reac t ions  - 
t h a t  coal so l ids  a re  converted in to  lower molecular weight components t ha t  a r e  
soluble in SRC process solvent,  allowing removal of entrained mineral matter by 
subsequent physical separation methods. These reactions take on importance, other 
t h a n  l iquefaction of coal so l id s ,  by consuming hydrogen in the  process without 
removing su l fur .  Only tha t  amount of hydrogenation, or cracking, required t o  
l iquefy coal so l ids  and allow mineral matter removal i s  des i red .  Any excess 
hydrogenation beyond t h i s  amount, such as i n  the  formation of C1 - C4 gases, 
e t c . ,  r e su l t s  in ine f f i c i en t  use of hydrogen, thus higher operating costs.  This 
should be avoided as  much as  possible.  Actually SRC product.contains a s l i g h t l y  
lower hydrogenlcarbon r a t i o  ( H / C  = 0.75)  t h a n  the feed coal i t s e l f  ( H / C  = 0 . 8 ) .  
Furthermore, the  stoichiometric amount of hydrogen required so le ly  f o r  removal 
of an acceptable amount of su l fur  as  H2S i n  the  SRC process i s  an order-of- 
magnitude l e s s  t h a n  the  to t a l  amount of hydrogen cur ren t ly  consumed (two weight 
per cent of MAF coal feed) a t  the Wilsonville, Alabama, and the  Tacoma, Washing- 
ton, SRC p i lo t  plants.  Excess hydrogenation therefore  accounts f o r  most of t he  
hydrogen consumed in producing solvent refined coal.  

The r a t e  of noncatalytic (except fo r  mineral matter)  HDS, unlike t h a t  of 
hydrogenation, appears t o  be r e l a t ive ly  insens i t ive  t o  hydrogen concentration, 
i n  the  form of e i the r  dissolved molecular hydrogen o r  readi ly  t ransferab le  hydro- 
gen such a s  t h a t  attached t o  donor species ( e .g . ,  t e t r a l i n )  contained in the 
process solvent. Variation, f o r  example, in i n i t i a l  hydrogen par t ia l  pressure 
from 1000 t o  2600 psig a t  reaction temperature had no s ign i f i can t  e f f e c t  on the 
f ina l  organic su l fu r  content of a coal/creosote-oil  reaction mixture, even a f t e r  
two hours o f  reaction (Table 1 ) .  Also, a s  shown in Table 2 ,  the  reduction in to ta l  
su l fur  content of the coal was e s sen t i a l ly  the  same a f t e r  f i f t e e n  minutes of 
reaction when s lur r ied  with creosote o i l  - which contained only t r a c e  amounts 
of t e t r a l i n  and other known hydrogen-donor species - as when s lu r r i ed  with pre- 
hydrogenated creosote o i l  - which, l i ke  the  SRC recycle o i l  used, contained s ign i -  
f i c a n t  amounts of t e t r a l i n  and 9,lO dihydrophenanthrene. 
on the other h a n d ,  was s ign i f icant ly  higher when the coal was extracted in prehydro- 
genated creosote o i l .  
soluble yield was almost twice t h a t  obtained when the  coal was extracted with untrez. 
ted o i l .  
r e l a t i v e  in sens i t i v i ty  of HDS t o  hydrogen concentration i s  fur ther  evidenced i n  
t h a t  t h e  cresol-soluble y ie ld  was s ign i f i can t ly  higher when the coal was reacted in 
an i n i t i a l  2000 psi hydrogen atmosphere, both when s lu r r i ed  with creosote o i l  and 
a l so  when s lur r ied  with pre-hydrogenated creosote o i l .  Also, solvent-to-coal r a t i o -  
had no s igni f icant  e f f ec t  on IHDS.rate r e l a t i v e  t o  t h a t  of l iquefac t ion  (Table 3 ) .  

dissolved molecular hydrogen with the donor solvent,  with the  t r ans fe r  of hydrogen 
from the  donor solvent to  coal so l ids  occurring rapidly (1 ,Z) .  In f a c t ,  when 
extracted in a highly ac t ive  h en donor solvent such as  hydrogenated creosote 
o i l ,  coal so l ids  have bee;) obs 
reaction teinperature ( 1 ) .  Th:r e observed s e n s i t i v i t y  of the r a t e  of l ique- 
f a c t i  o n  t o  hydrogen concentrat  Furthermore, a s  long as 
solvent qua l i ty  ( i . e . ,  a su f f i  
tained - which can be done independently by hydrogenating the  recycled process 

The r a t e  of l iquefac t ion ,  

When reacted in a n  i ne r t  nitrogen atmosphere, the  c reso l -  

The high sens i t i v i ty  of the r a t e  of l iquefac t ion ,  as opposed t o  the 

The r a t e  l imi t ing  s tep  in l iquefaction has been shown t o  be the reaction of  

t o  l iquefy almost instantaneously upon reaching 

hould be expected. 
l y  high hydrogen-donor concentration) i s  main- 
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s o l v e n t  a s  is  done i n  t h e  Exxon process - w i t h  l i q u e f a c t i o n  o c c u r r i n g  a lmost  
i n s t a n t l y ,  
o f  the d i s s o l v e r / r e a c t o r .  HDS k i n e t i c s  thus  t a k e  on a spec ia l  impor tance f o r  t h e  
commerc ia l i za t i on  and development o f  t he  SRC process.  

Coal M ine ra l  C a t a l y s i s  

of coal  m ine ra l  c a t a l y s i s  was presented i n  an e a r l i e r  work ( 5 ) .  
t h i s  eva lua t i on ,  t w e l v e  d i f f e r e n t  coa l  m i n e r a l s  and, a l so ,  a c t u a l  SRC minera l  
res idue  a s  w e l l  as coa l  ash were i n d i v i d u a l l y  screened t o  r a t e  t h e i r  c a t a l y t i c  
a c t i v i t y  on t h e  HDS r a t e  and hydrogenat ion o f  c reoso te  o i l  r e l a t i v e  t o  t h a t  o f  
a commercial Co-Mo-A1 c a t a l y s t .  Some r e s u l t s  o f  t h i s  e a r l i e r  work a r e  g i ven  
i n  Table 4 and i n  F igu res  1 and 2.  Reduced i r o n ,  reduced p y r i t e  (presuinably 
p y r r h o t i t e ) ,  and p y r i t e  had decreas ing e f f e c t s  on s u l f u r  removal d u r i n g  hydrogena- 
tion/hydrodesulfurization o f  c reoso te  o i l  a t  425oC, wi th reduced i r o n  being 
second o n l y  t o  Co-Mo-A1 i n  c a t a l y t i c  a c t i v i t y  f o r  HDS and w i t h  p y r i t e ,  desp i te  
i t s  pronounced e f f e c t  on hydrogenat ion,  hav ing e s s e n t i a l l y  no apparent  c a t a l y t i c  
a c t i v i t y  f o r  HDS. The r e l a t i v e l y  i n s i g n i f i c a n t  e f f e c t  o f  p y r i t e  on HDS r a t e  
was f u r t h e r  evidenced i n  t h a t  t h e  r a t e  o f  o rgan ic  s u l f u r  removal f rom coa l  
s l u r r i e d  i n  c reoso te  o i l  remained e s s e n t i a l l y  t h e  same even a f t e r  about  
seven ty - f i ve  per  c e n t  o f  i t s  p y r i t i c  c o n t e n t  had been removed p h y s i c a l l y  by 
magnetic s e p a r a t i o n  p r i o r  t o  r e a c t i o n  ( F i g u r e  3 ) .  Reduced i r o n ,  on t h e  o the r  
hand, was found t o  have a s i g n i f i c a n t  e f f e c t  on HDS r e a c t i o n s  when p resen t  iii 
o n l y  t r a c e  amounts (Tab le  5 ) .  

The s t a b l e  fo rm o f  i r o n  i n  t h e  presence o f  hydrogen and hydrogen s u l f i d e  
i n  the  temperature range o f  400 t o  500°C i s  p y r r h o t i t e  (6 ,7 ) .  
F igu re  4, p y r i t e  i s  reduced t o  t h e  s u l f i d e  (presumably p y r r h o t i t e )  w i t h i n  about 
f i f t e e n  minutes o f  r e a c t i o n  a t  4 2 5 O C .  
has a l s o  been observed t o  occur  i n  t h e  d i s s o l v e r / r e a c t o r  a t  t he  W i l s o n v i l l e  SRC 
p i l b t  p l a n t  (8) .  H2S p roduc t  f rom t h e  r e d u c t i o n  o f  p y r i t e  i s  t hus  generated 
i n  the  e a r l y  stages o f  HDS. H2S i s  known t o  i n h i b i t  c a t a l y t i c  HDS o f  pet ro leum 
feedstocks;  thus,  s i n c e  some o f  t h e  same s u l f u r - c o n t a i n i n g  components i n  
petroleum feedstocks e x i s t  a l s o  i n  c o a l / o i l  s l u r r i e s ,  H2S may i n h i b i t  HDS of c o a l /  
o i l  s l u r r i e s ,  o r  p o s s i b l y  r e a c t  w i t h  p r e v i o u s l y  d e s u l f u r i z e d  components. Therefore,  
s i n c e  reduced i r o n  a c t s  a s  an H2S scavenger, i n s t e a d  o f  an H2S producer  as does 
p y r i t e ,  one p o s s i b l e  reason f o r  t h e  d i f f e r e n c e s  i n  c a t a l y t i c  a c t i v i t i e s  of 
reduced i r o n ,  reduced p y r i t e ,  and p y r i t e  c o u l d  be t h e  d i f f e r e n t  amounts o f  H2S 
p resen t  d u r i n g  HDS as i s  shown i n  Table 4. I n  f a c t ,  t he  H2S p a r t i a l  pressure 
was increased by a magnitude o f  two t o  t h r e e  by t h e  r e d u c t i o n  o f  p y r i t e ;  whereas 
no t raceab le  amount o f  H2S p roduc t  was p resen t  d u r i n g  t h e  reduced i r o n  r u n .  
when d i f f e r e n t  we igh t  percentages o f  i r o n  were charged w i t h  c reoso te  o i l  (Table 51, 
no H2S p roduc t  was d e t e c t e d  u n t i l  l e s s  than  one p e r  cen t  by we igh t  o f  i r o n  
was present .  
centages (2 .4  t o  20b), t h e  amount o f  s u l f u r  removed d u r i n g  r e a c t i o n  was o n l y  
s l i g h t l y  d i f f e r e n t ,  and when present  i n  l ower  percentages (1 .0  t o  0 . 5 % ) ,  i t  
decreased i n  p r o p o r t i o n  t o  t h e  amount o f  i r o n  p resen t ,  w i t h  t r a c e  amounts of 
i r o n  being as e f f e c t i v e  a s  0:5 we igh t  pe rcen t .  The r e t a r d i n g  e f f e c t  o f  H2S on HDS 
i S  f u r t h e r  evidenced i n  t h a t  when H2S was added p r i o r  t o  r e a c t i o n  t h e  amount of 
s u l f u r  removed was less d u r i n g  hydrogenationlHDS o f  both a b i tuminous Kentucky 
No. 9/14 m i x t u r e  coa l  and a sub-bituminous (Wyodak) coal  (Table 1 0 ) .  

When i r o n  gauze was used t o  scrub o u t  any H2S p roduc t  formed d u r i n g  hydro- 
d e s u l f u r i z a t i o n  of c r e o s o t e  o i l ,  w h i l e  be ing inounted i n  t h e  top  o f  t he  r e a c t o r  
above the  o i l ,  t h e  amount o f  s u l f u r  removal was about  20% h igher  than  t h a t  obta ined 
w i t h o u t  any scavenger agents present ;  t h a t  i s ,  t h e  f i n a l  s u l f u r  c o n t e n t  o f  t he  o i l  
was 0.391 as opposed t o  0.50%, a decrease e q u i v a l e n t  t o  t h a t  ob ta ined  when one 

HDS should be t h e  c o n t r o l l i n g  f a c t o r  i n  t h e  des ign  and o p e r a t i o n  

A l i m i t e d  exper imenta l  e v a l u a t i o n  o f  process advantages and disadvantages 
As p a r t  o f  

As  shonn i n  

Rapid r e d u c t i o n  o f  p y r i t e  coa l  m ine ra l s  

Also,  

I n t e r e s t i n g l y  enough, when i r o n  was p resen t  i n  h i g h e r  weight  per-  
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weight percent of iron was present. 
e f f ec t  on HDS as  might be expected from thermodynamics. 

When f i v e  weight percent iron a n d  a su f f i c i en t  amount of H2S ( t o  prevent i t s  
complete removal by reac t ion)  were present during HDS of creosote o i l ,  the amount 
of su l fur  retiioval was only the same a s  t h a t  when e i the r  a t r ace  amount or a 
half weight percent of iron was present (Table 5 ) .  
effectiveness of iron su l f ide  as a ca t a lys t ,  with t race  amounts of i r o n  su l f ide  
having a b o u t  the  same ca t a ly t i c  e f f ec t  on HDS r a t e s  a s  la rger  amounts when 
a n  appreciable H S atmosphere ex is t s .  
on the  HDS react?ons; however, the sever i ty  of i t s  ca t a ly t i c  inh ib i t ion  e f f ec t  
i s  n o t  comp1ete;y defined. 

In summary then, reduced iron appears t o  favor HDS by scavenging H2S product, 
preventing any reverse reactions and by catalyzing HDS reactions.  Unfortunately, 
as shown in Table 6,  reduced i ron ,  l i k e  most HDS c a t a l y s t s ,  a l so  acce lera tes  hydro- 
genation; as a r e su l t  i t s  use as  a c a t a l y t i c  agent in the  SRC process could con- 
t r i b u t e  t o  excess hydrogenation. Because of i t s  potential  a s  an  inexpensive HDS 
ca t a lys t ,  however, fur ther  experiments a re  now in progress t o  be t t e r  evaluate 
i t s  ro l e  in accelerating HDS reactions and i t s  se l ec t iv i ty  f o r  HDS versus hydro- 
genat i on. 

Apparently then, H2S does have a retarding 

Apparently H2S r e t a rds  the  

Since H2S does have a thermodynamic e f f ec t  

Hydrodesulfurization Kinetics in the SRC Process 
As shown in Fioure 5. the var ia t ion  of oraanic su l fu r  content of a coal/  

creosote-oil reactiGn mixture with time follow; a path c lose  t o  t h a t  expected 
fo r  an overdamped second order dependence of r a t e  on organic su l fur  content.  This 
kinetic behavior i s  cons is ten t  with the  basic nature of HDS reactions as  described 
in the foregoing discussion, in t h a t  i t  can be modelled by considerin9 the  reaction 
mixture t o  contain only two hypothetical sulfur-containing compounds with 
s ign i f icant ly  d i f f e ren t  r a t e  constants.  The desul fur iza t ion  reaction of each of tihe 
two hypothetical components i s  assumed t o  follow f i r s t -o rde r  k ine t ics .  
a s  t o  whether t h i s  assumed kinetic model i s  representa t ive  i s  the  d i f fe rence  in 
magnitude of the  experimental r a t e  cons tan ts ,  fo r  the  actual two groups of lumped 
su l fur  components a r e  known t o  reac t  a t  two widely d i f f e r ing  r a t e s .  The l a rge  
difference in slope of the  two l i nes  in Figure 6 ind ica tes  t h a t  the  experimental 
r a t e  constants a re  indeed s igni f icant ly  d i f f e r e n t ,  a t t e s t ing  tha t  the model i s  
representative.  

The high sens i t i v i ty  of HDS r a t e  to  reaction temperature and i t s  low sensi-  
t i v i t y  t o  hydrogen concentration suggested tha t  the HDS reactions were chemically 
controlled and pseudo-homogeneous k ine t ics  were thus used in modeling. Further- 
more, since the retarding e f f ec t  of H2S and the ca t a ly t i c  e f f e c t  of pyr i te  coal 
minerals apparently e i the r  o f f s e t  each other or e x i s t  t o  such an ex ten t  

t ha t  the e f f ec t  on HDS r a t e  i s  ins igni f icant  - as  a f i r s t -hand  approximation-no 
kinetic terms were used t o  represent the reverse reaction by H2S product. 
eauation was thus writ ten a s :  

A t e s t  

The r a t e  

where: 
form of the two hypothetical sulfur-containing components, respectively.  For a 
batch reac tor ,  

S i ,  and S 2  a r e  the organic su l fu r  concentration (g /cc)  present in the  

-Klt -K2t  
s = sloe + sZ0e 
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The a d j u s t a b l e  parameters  51 Sq. I:] and K2 were de te rmined  e m p i r i c a l l y .  u s i n g  
a nonl i11?3r minim;a s u m - o f - t f ~ - s ~ s J r r : s  ti:imericat s e a r c h  r c u t i n e .  
r e l a t i o n s h i p  was a s s u w d ,  and r a t e  d a t a  f o r  three d i f f e r e n t  r e a c t i o n  ten:Jeratures 
were USCJ i n  deterininit ig cmpir ica l  v a l u e s  f o r  t h e  foul. a d j 2 s t a b l c  p a r a s e t e r s .  A 
l i s t  o f  t l i r se  v a l u e s  i s  !!ivcn i n  Table 7 ;  and a coolparison be tccen  p r e d i c t e d  HDS 
p a t h s  and r a t e  d a t a  is r.izde i n  F ipure  5 ,  showing good ayi-cement. 
I r r h c n i u s  p l o t s  of t h e  e a p i r i c a l  r d t e  c o e f f i c i e n t s  arc! g iven  i n  f i g u r e  6. The 
r a t e  c o a f f i c i e n t s  f o r  t h e  two hypot t ie t ica l  c o w m e n t s  d i f f e r  by tin o r d e r s  of 
magnitudc (Table  8). in c o n s i s t e n c y  w i t h  t h e  l a r g e  d i f f e r e n c e  i n  slopes o f  t h e  
two s t r a i g h t  l i n e s  i n  FiGurc 6 .  I n  a d d i t i o n .  t h e  h igh  a c t i v a t i o n  energy  (Table  S) 
f o r  t!ie r e a c t i v e  sulfut--con:ainin3 co!nponent p r w i d e s  f u r t h e r  ev idence  t h a t  the 
d e s u l f u r i z a t i o n  r e a c t i o n s  a r e  c t i c n i c a l l y ,  I -a thr r  than  t:iass t r a n s f e r  c o n t r o l l e d .  
l lotc t h a t  t h e r e  i s  no c a t a l y s t  p r e s e n t ,  except  f o r  t h e  ind igenous  c o a l  minera l  
n a t t e r .  F i n a l l y ,  a s  s h v m  i n  Table 9. Ltie e n e r g i e s  and e n t h a l p i e s  o f  a c t i v a t i o n  
a r e  i n d i c a t i v e  o f  chemical r a t e  processes ,  r a t h e r  than  t r a i l s p o r t  p r o c e s s e s .  The 
high a c t i v a t i o n  e n w g y  and low ent ropy  o f  a c t i v a t i o n  f o r  t h e  f a s t  r c a c t i o n  a r e  
i n d i c a t i v e  o f  a tionogeneous r e a c t i o n ;  tile lower v a l u e s  f o r  t h e  slow r e a c t i o n  
i n d i c a t e  a p o s s i b l e  c a t a l y t i c  e f f e c t ,  perhaps due  t o  coa l  mineral  m a t t e r .  Here 
a g a i n ,  however. s i n c e  t h e  e x a c t  r e z c t i o n  mechanism i s  unknown, one must e x e r c i s e  
c a u t i o n  when a t t a c h i n g  s i g n i f i c a n c e  t o  t h e s e  numerical  v a l u e s .  

Conclus ions  

SRC p r o c e s s ,  a t  a r a t e  :hat i s  p r a c t i c a l l y  independent of hydrogen c o n c e n t r a t i o n .  
Reduced i r o n  has a c a t a l y t i c  a f f e c t  on 1:OS r e a c t i o n s ;  i n  f a c t ,  i t  e x h i b i t s  a 
s i g n i f i c a n t  n.emory e f f e c t .  Eecauze o f  a d d i t i o n a l  ti$ product ,  p y r i t e  has o n l y  
a s l i g h t  c a t a l y t i c  e f f e c t  on HDS r i a c t i o n s .  
by HpS product  i s  due t o  c a t a l y t i c  i l i i i ibiLion a s  wel l  a s  tliei-motiynaniic i - f f x t s .  
IDS r e a c t i o n s  can be siodelcd 2s t : ~ o  f i r s t - o r d e r  r e a c t i o n s  o c c u r r i n g  i n  p a r a l l e l ,  
w i t h  two widely  d i f f e r e n t  r a t e  c o n s t a n t s .  

The Arrhenius  

Also, the  

____. 
H y d r o d e s u l f u r i z a t i o n  r e a c t i o n s  o c c u r ,  under r e a c t i o n  c o n d i t i o n s  used i n  the 

Tnc r e t a r d a t i o n  o f  HDS r e a c t i o n s  
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H 
0 
3 

-1 

... 
o v ,  
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20. 0. 

20. 0. 

13. 0. 

11. 0. 

13. 0. 

4.7 0. 

2.4 0. 

0.99 8. 

0.49 66. 

trace (nmory e f f ec t )  63. 

t race (qrmory e t f ec t l  -. 
0 36. 

0 67. 

React ion  Cawlitionr: - ~ -  
1en;eraPdre = 425OC 
lQ Prersi rc  = 2000 Dri9 B 425'C 
Apit3:im Rate - 1C.X r p  
In i t i a l  slifur concentration = 0.64 pcrcei l  
R e x t i w  l i n e  - 2 t w r s  

.34 

.34 

. I 5  

.36 

.35 

. I 5  

.31 

.40 

.43 

.42 

.45 

.50 

.so 

Table 6: C m p r i r o n  of Hydrogenation and Hy4roderul fur izdt ion 

of  Creosote o i l  in  the Presence o f  ~ r o n  Catalyst 

(Hlfiol AYG ( s F / S O ) n v c  -__ 
0 0.80 0.78 

0.5 0.71 0.€3 

1 .o 0.74 0.62 

2.4 0.74 0.58 

13.0 0.69 0.58 

20.0 0.64 0.52 

1.1 ___-  0.55 

Table 7 

Hgdrode~ul furi:Jllon Hodel Fara'cters 

Table 8 

lrrheniur  Constants 

'n K10 27.11 

In $0 7.417 

&E1 40.78 

&E2 18.99 

mh-1 

iDin-1 

tca1 

kcal 

Table 9 

Ca~par l ron  o f  Ererpics. Lslhalpiei .  and inl rupies  

of Activation O f  Hydrodetulfurilblion with h t i  

for  1:ydrodcrulfurizrtion o f  Coal Tar over 152 Ca:aljst.* 

ti35 beel 
Foal 

Retction 1 Reaction 2 & a r *  

hE 40.7 18.9 11 kca l /mle  

AH 39.2 15.8 9 ktal/lru1e 

AS -16.8 -53.2 -50 E.U. 

' 5 .  A. Qvacer. W .  H. Wiser. 6. R. Hill 

__-. I .  II I . C .  F m I c s s  rer icn and Gevclorent  

Yol. 7. L. 3. 395, July. 1968 

Table 10: Effect o f  H2S on Ra:e of I;ydrcdcrulfuriration 

o f  Ken:uckj ahd i 'pdak Coals 

Solvent Solvent-to-Coal Cresol ScI>>Ie ~ o t a l  1 Sulfur  t sulfur I Sulfur 
AL-osn>.:-e cD.1~ A r c  Ratio ) i c l d  (:.! Oeforr A i t w  LIquld Fraction 50116 F r a c t i m  

H2 Wpddk RCCyCle 3:l 76.0 0.52 0.61 0.35 1.15 

Ht + vis Wy@dat Recycle 1:l 76.8 0.52 0.72 0.62 2.01 

Hz Kentucky Recycle 2:) 8G.4 1.10 0.80 0.52 2.86 

n2 + H ~ S  Kentucky Recycle 2:l 88.9 1.10 0.98 0.63 3.Y) 

9/11 

9/14 
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Figure 3. Effect of Demineralizing Coal Feed and Slurrying Coal 
Feed w i t h  blater on Conversion 

A. ORGANIC SULFUR CONTENT 
[k: 

Temperature: 410" C 
HZPressure : 2OOOpsig @ 41OoC 

4gitation Rate : 1000 rpm 
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